The properties of globular clusters in dwarf galaxies are key to understanding the formation of globular cluster systems, and in particular in verifying scenarios in which globular cluster systems of larger galaxies formed (at least partly) from the accretion of dwarf galaxies. Here, we revisit the globular cluster system of the dE,N galaxy NGC 3115 DW1 -a companion of the nearby S0 galaxy NGC 3115 -adding Keck/LRIS spectroscopy and HST/WFPC2 imaging to previous ground-based photometry. Spectra for seven globular clusters reveal normal abundance ratios with respect to the Milky Way and M31 clusters, as well as a relatively high mean metallicity ([Fe/H]≈ −1.0 ± 0.1 dex). Crude kinematics indicate a high velocity dispersion within 10 kpc which could either be caused by dark matter dominated outer regions, or by the stripping of outer globular clusters by the nearby giant galaxy NGC 3115. The total galaxy mass out to 3 and 10 kpc lies between 1·10 10 and 1·10 11 M ⊙ and 2·10 10 and 4·10 11 M ⊙ , respectively, depending on the mass estimator used and the assumptions on cluster orbits and systemic velocity. The HST imaging allows measurement of sizes for two clusters, returning core radii around 2.0 pc, similar to the sizes observed in other galaxies. Spectroscopy allows an estimate of the degree of contamination by foreground stars or background galaxies for the previous ground-based photometry, but does not require a revision of previous results: NGC 3115 DW1 hosts around N GC = 60 ± 20 clusters which corresponds to a specific frequency of S N = 4.9 ± 1.9, on the high end for massive dEs. Given its absolute magnitude (M V = −17.7 mag) and the properties of its cluster system, NGC 3115 DW1 appears to be a transition between a luminous dE and low-luminosity E galaxy.
Introduction
The study of globular cluster systems of dwarf galaxies complements the numerous studies of such systems in larger elliptical and spiral galaxies. Few globular cluster systems (GCSs) around dwarf galaxies beyond the Local group have been studied to date with respect to their cluster system (see Ashman & Zepf 1998) . This is mostly due to the low numbers of globular clusters present in such galaxies. However, their properties are relevant for a number of globular cluster system formation scenarios. Dwarf galaxies are expected to provide insight into how the smallest galaxies build up a system of globular clusters. Further, their properties must be known in order to verify scenarios in which larger globular cluster systems are predicted to build up by the accretion of protogalactic fragments or dwarf galaxies (Kissler-Patig et al. 1998a , Côté et al. 1998 , Hilker et al. 1999 . These scenarios relate to the older idea that galaxy halos might have formed through the assembly of such small stellar systems (e.g. Searle & Zinn 1978) .
Photometric studies of several globular cluster systems in dwarf galaxies were carried out by Durrell et al. (1996a) and Miller et al. (1998) . Durrell et al. (1996a) studied the systems of 11 dwarf galaxies in the Virgo cluster. All were found to host globular cluster candidates and have specific frequencies ranging from 3 to 8, similar to Local Group dwarfs and giant elliptical galaxies. Miller et al. (1998) studied 24 dwarf ellipticals in the Virgo and Fornax clusters as well as in the Leo group. They found that dE,N galaxies had higher specific frequencies than dE galaxies, with values around S N = 6.5 ± 1.2, increasing with increasing M V (decreasing luminosity). Not much is known yet about the metallicities of globular clusters in dwarf galaxies. Minniti et al. (1996) constructed a metallicity distribution for all Local Group dwarf galaxies and noticed that the distribution was peaked around [Fe/H]≈ −1.7 dex with no clusters more metal-rich than [Fe/H]= −1.0 dex. Durrell et al. (1996a) derived metallicities from Washington colors for two of their Virgo dwarf ellipticals and obtained a mean metallicity of [Fe/H]= −1.45 ± 0.2 dex. Durrell et al. (1996b) studied the GCS of the dE NGC 3115 DW1 in more detail and found it to be relatively rich (see below for a more detailed description of their results). This motivated us to carry out spectroscopy for some of the globular cluster candidates in this galaxy to get a more detailed picture of their chemical and kinematical properties. Further, HST/WFPC2 data were available from the archive, allowing us to study the sizes of some of the clusters.
NGC 3115 DW1 is a dE1,N galaxy in the vicinity of the giant S0 galaxy NGC 3115. It is located RA: 10h 05m 41.6s; Dec: −07 o 58 ′ 53.5 ′′ (l = 248.12 o ; b = 36.69 o ). We will assume a distance of 11 +5.0 −2.3 Mpc throughout this paper following Durrell et al. (1996b) . Additional properties will be given in the text where they are relevant. In Section 2 we describe the new data. In Section 3 we analyze the spectroscopic data giving first a brief kinematical study of the globular cluster system before discussing the abundances and the overall metallicity of the system. In Section 4 we revisit the previous photometry (number of clusters, colors, specific frequency), compare the photometric metallicities with the spectroscopic ones and add the HST/WFPC2 imaging to derive sizes for two clusters. In Section 5 we discuss whether NGC 3115 DW1 could have suffered stripping by its giant companion. We summarize our results in Section 6.
Data

Spectroscopic Observation
46 spectra of candidate globular clusters in NGC 3115 DW1 were obtained with the LRIS-A spectrograph (Oke et al. 1995) on the Keck-II telescope during the nights of 1996 December 18th and 19th. The observations were performed in multi-slit mode using two slit masks containing 24 (mask A) and 22 slits (mask B), respectively. Mask A was exposed for 4800 seconds while mask B was exposed 6600 seconds. The multiobject-spectra images were taken with a Tektronix 2048×2048 pix 2 chip. The seeing was around 0.8 ′′ during both nights. For all observations the first order of the 600/5000 grism (i.e. 600 lines mm −1 ) was used with slitlets of 1 ′′ which provided a dispersion of 1.3Å pix −1 (at 5000Å) and a spectral resolution of 4.1Å FWHM −1 .
All frames were binned (1×2) perpendicular to the dispersion axis during the read-out. For each night the images were reduced individually and eventually combined. A master bias was created from 5 zero-second images, taken at the end of each night. A master flat was obtained from 5 twilight-flat images obtained each night. Each object image was bias subtracted and flat-fielded in 2 a standard way. With the IRAF 1 package apall we traced, extracted and sky subtracted all object spectra. The sky was "optimally" subtracted, i.e. modeled with variance weighting perpendicular to the object spectra before being subtracted (Horne 1986 ). HgKrNe-calibration-lamp spectra were obtained for wavelength calibration. The calibration spectra were traced, extracted, and sky subtracted exactly in the same way as the object spectra. The wavelength calibration was verified on sky spectra included in each slit spectrum. The overall standard deviation of the wavelength calibration was determined to be σ cal ≤ 0.12Å for both nights.
The field-of-view of LRIS-A is 6 ′ × 8 ′ . We placed the multi-slit masks on the central/north and south-eastern part of NGC 3115 DW1 as can be seen in Fig. 1 . The slit masks were aligned such that the slits were pointing towards the center of the giant S0 galaxy NGC 3115. Due to the restrictions in making the masks (long enough slits, wavelength coverage, etc.) about 50% of the targets could be selected from the previous photometry of Durrell et al. (1996b) (see Fig. 1 ). The other 50% was 'blindly' selected from an LRIS acquisition image. Only 6 of the former group lay within 48 ′′ of the galaxy center, i.e. within the region where Durrell et al. (1996b) detected a clear overabundance of objects. We therefore expected ∼ 6+ objects in our total sample to be true globular clusters.
Additional Photometry
In order to measure sizes of globular cluster candidates that were confirmed by our spectroscopy, additional data for the globular cluster system were obtained from the HST archive 2 . Short exposures of 160 seconds in F555W and 320 seconds in F814W filter were taken from program GO:5999 (PI: A.Phillips). A simple reduction procedure was applied to all HST images: The im- ages were biased, flat-fielded and calibrated as described in Holtzman et al. (1995) , including corrections accounting for CTE and field distortions. The brightest clusters were matched on both the F555W and F814W images and their sizes were studied. In addition, we re-analyzed the groundbased B,V data 3 from Durrell et al. (1996b) . The field-of-views of both photometric datasets are over-plotted in Fig. 1 .
Analysis of Spectroscopic Data
In this section we extract heliocentric radial velocities v rad of globular clusters and perform a mass estimate of the host galaxy, NGC 3115 DW1. Subsequently, we measure abundances using the Lick/IDS passband definitions and infer a mean metallicity of the GCS.
Kinematics
We derived radial velocities by two different methods. Velocities were derived by crosscorrelation with high S/N template spectra of two bright GCs in M31: 225-280 and 158-213 (for nomenclature see Huchra et al. 1982) . The crosscorrelation was carried out with the IRAF task fxcor. All measurements are summarized in Table 1. The "internal" errors which are given by the cross-correlation code lie about σ ∼ 80 − 100 km s −1 for well defined high-S/N spectra and increase rapidly as the object spectrum becomes less defined.
For 7 high-S/N spectra we also estimated the radial velocity by measuring redshifts of individual absorption lines (see footnote in Table 1 ). The mean radial velocity from cross-correlation served as a first guess to the mean wavelength-shift determination. We used the IRAF package rvidlines which employs a center1d code to match the center of each individual absorption feature (see manual of rvidlines). We obtained an "internal" mean error from the averaging process which is ∼ 100 km s −1 . The results and their errors are included in Table 1 .
Selection of Globular Clusters
After obtaining the radial velocities from crosscorrelation and in some cases from wavelength shifts of individual absorption lines, we combined all available measurements for further selection of globular clusters by radial velocity. Velocities derived from cross-correlation were given twice the weight of velocities from absorption lines. The average radial velocity for each object can be found in the last but one column of Table 1 . Figure 2 shows a radial-velocity histogram of objects with −500 ≤ v rad ≤ 1000 km s −1 . The figure shows a hint of bimodality due to the extended tail of velocities > 500 km s Capaccioli et al. 1993 ) and an adopted velocity dispersion of the GCS in NGC 3115 DW1 of ∼ 100 km s −1 (see below), globular clusters should have radial velocities in the range 400 − 1000 km s −1 . Seven candidates lie within this range. This cut enables a reliable differentiation between foreground objects of low radial velocity and globular clusters in NGC 3115 DW1.
We used the KMM code (Ashman et al. 1994 ) to obtain the statistical significance of bimodality. The KMM code fits two Gaussians to the data using Maximum-Likelihood techniques. The data can be fit with two Gaussians of identical dispersion or two Gaussians of independent dispersion. We applied both techniques. The mean radial velocities of the two Gaussians are 48 ± 26 km s −1 and 567 ± 46 km s −1 for identical-dispersion and 52 ± 28 km s −1 and 575 ± 39 km s −1 for independent-dispersion fitting. The error is the error of the mean calculated from the variance of each distribution. KMM estimates also the fraction of data points which are part of each subdistribution. Of 28 objects in the histogram (one additional object, D26, is not included due to v rad < −500 km s −1 ) in Figure 2 , KMM assigns 21 objects to the sub-population with the lower mean radial velocity and 7 to the sub-population with the higher mean radial velocity which is in good agreement with the expectations (see 2.1). The confidence level for bimodality is > 99%.
The (weighted) mean radial velocity of all 7 detected globular clusters is v rad = 572 ± 30 km s −1 . This value deviates from the measured radial velocity of NGC 3115 DW by ∼ 1.6σ which is a hint that we are biased towards lower velocities by both the small sample and the choice of slit-mask position on the sky. Since we detected globular clusters predominantly in the central and northern field of NGC 3115 DW1 our measurements could be influenced by a systematic rotation of the GCS (see also Sect. 3.1.4).
All In summary, within our data of 46 spectroscopically-analyzed objects we found 7 globular clusters 22 foreground stars, and 15 background galaxies (9 of them are significantly clumped about v rad ≈ 24000 km s −1 or z ≈ 0.08; the velocity dispersion of this potential galaxy cluster is σ = 1300 km s −1 ). 2 objects (D21,L6) could not be identified reliably and were therefore dropped. The radial-velocity data for all objects are summarized in Table 1 .
Mass Estimate of NGC 3115 DW1
Our data sample of 7 globular clusters is only sufficient for a first rough mass estimate of NGC 3115 DW1 and its M/L ratio. Furthermore, we rely in this section on the assumption that the system is not influenced by the nearby giant S0 galaxy, an assumption that we will question in Sec. 5.
We used two mass estimators which are extensively described and tested by Bahcall & Tremaine (1981) and Heisler et al. (1985) . We applied the Virial Mass Estimator (VME) and the Projected Mass Estimator (PME) accounting for different orbit characteristics of the globular clusters. Since the alignment of our multi-slit masks is biased towards clusters of the central and northern quadrant of the galaxy, our data is subject to unknown systematic east-west rotation of the entire globular cluster system. If the angular momentum vector points along the north-south axis we will have under-or overestimated the mass depending on the direction of rotation. Although, it is possible to provide a lower-mass limit from our spatially constrained cluster sample by varying the mean systemic velocity (see below), it is not possible to correct completely for the unknown total rotation of the globular cluster system (see also 3.1.4).
We let the radial velocity of NGC 3115 DW1 (which is assumed to be the mean velocity of the GCS as well) vary over a wide range while the measured radial velocities of the globular clusters remained fixed. During each step of 10 km s −1 we calculated the mass of the galaxy with each mass estimator. The resulting plot (mass vs. v rad of the GCS) is shown in Figure 3 . Table 2 shows the lower mass limits calculated with all mass estimators.
At the highest measured radial velocity of NGC 3115 DW1 (v rad = 716 ± 19 km s −1 , Peterson & Caldwell 1993) we obtain total masses in the range 6.3·10
10 M ⊙ to 3.6·10 11 M ⊙ . The estimated masses for the measured mean radial velocity of the globular cluster system (v rad = 572 ± 30 km s −1 ) are in the range 2.1 · 10 10 M ⊙ to 1.0 · 10 11 M ⊙ . The errors in Table 2 are the intrinsic, statistic, and systematic uncertainties of the mass-estimate. The first is the uncertainty of the code itself (Bahcall & Tremaine 1981) while the remaining are due to the limited sample size and the uncertain distance. All masses are the total mass estimates within a galactocentric radius of r ≤ 189.4 ′′ or R ≤ 10.1 kpc, respectively. This is the projected radial distance of the outermost globular cluster (L63).
Assuming an isotropic orbit distribution for globular clusters in NGC 3115 DW1 the lowermass limit for the galaxy of M PME = (4.8 ± 2.3) · 10 10 M ⊙ seems rather large for a dwarf elliptical. The absolute magnitude of M V = −17.7 mag (Durrell et al. 1996b ) is high as well (more than a magnitude brighter than M32 for example, and similar to NGC 4486B, although NGC 3115 DW1 has a dissimilar structure to that of these low-L Es). The mean absolute V-magnitude for nearby dwarf ellipticals is < M V >≈ −16.9 mag (Ferguson & Binggeli 1994) . Considering its mass and luminosity we address the fact that NGC 3115 DW1 appears to be a transition-type galaxy between luminous dEs and low-luminosity ellipticals in the discussion section.
Radial Dependencies and Mass-to-Light Ratios
Limiting the data set of radial velocities to smaller radii we can probe the radial mass dependencies in NGC 3115 DW1. Clearly, statistical errors become important when we reduce the already small data set by removing the outermost globular clusters. Nonetheless, we calculate mass estimates for different radii (using the PME and assuming isotropic orbits) since the kinematics of the two outer clusters might be influenced by the nearby giant S0. The results are summarized in Table 3 .
Combining the former findings with the photometry of Durrell et al. (1996b) , who found total magnitudes V T = 12.63 ± 0.06 mag and B T = 13.57 ± 0.09 mag, we estimate rough mass-to-light ratios for different radii. Applying a King profile (King 1962) with the parameters r c =14.4 ′′ and c ∼1.4 (Durrell et al. 1996b ) we obtain at the outermost globular-cluster projected radius r = 189.4
′′ (R = 10.1 kpc) M/L V = 52 ± 25 with a 1σ uncertainty due to statistical sample-size uncertainties and photometric errors. The systematic error due to distance uncertainties of NGC 3115 DW1 is +67 −32 . Going inwards, the M/L V ratio drops. At a projected radius of r = 56.3 ′′ (R = 3.0 kpc) the mass-to-light ratio is M/L V = 22 ± 13.
Our analysis can be expanded by combining our results with the M/L V measurements for the innermost part of NGC 3115 DW1. Peterson & Caldwell (1993) measure within r ≤ 3 ′′ (or R ≤ 160 pc) of NGC 3115 DW1 a central velocity dispersion of σ = 20 − 30 km s −1 . They derive a M/L V of 3 ± 2 within r ≤ 3 ′′ . A gradient of M/L V can therefore be traced outward from the center of the galaxy, although the uncertainties are quite large. However, all values fit well into the range given by Ferguson & Binggeli (1994) for dwarf elliptical galaxies (M/L V ≈ 5 for Fornax up to M/L V ≥ 100 for Ursa Minor).
Rotation and Velocity Dispersion
Using the Maximum-Likelihood method of Pryor & Meylan (1993) we measure a marginal net rotation of v rot = 75 ± 70 km s −1 for the globular cluster system of NGC 3115 DW1. Note that to date no dE was reported to show significant rotation of its stellar body (Ferguson & Binggeli 5 1994) . The position angle of the rotation axis is θ = 90 o ± 60 o (poorly defined given the weak rotation). This result may be of course biased by the incomplete spatial coverage of our small sample. Correcting for the net rotation we obtain a lineof-sight velocity dispersion of σ = 130 ± 15 km s
for the full sample of 7 clusters, and σ = 74 ± 36 km s −1 for the inner 5 clusters.
The major axis of the dE1,N galaxy of θ gal = 100 o ± 10 o (Durrell et al. 1996b ) appears at face value nearly parallel to the rotation axis of the GCS although the latter is not well defined as mentioned above. Spectroscopy for more clusters with better spatial coverage is certainly needed to establish the axis alignment.
Metallicity
Mean Metallicity of the Globular Cluster System
The S/N of our spectra are insufficient to reliably establish individual cluster metallicities. To measure a mean abundance for the GCS we combined all the individual spectra into a high-S/N 'mean' spectrum. All individual globular cluster spectra as well as the combined spectrum are shown in Figure 4 .
For abundance measurements we used the passband definitions of Brodie & Huchra (1990) and the new Lick/IDS passband definitions of Trager et al. (1998) . All abundances (both of single spectra and the mean spectrum) are given in Table 4 . Brodie & Huchra (1990) calibrate single element abundances with [Fe/H] using a large sample of Milky Way and M31 globular clusters. We used their calibration to estimate the mean [Fe/H] for the entire GCS, based on the composite spectrum. The mean metallicity of our globular cluster sample is [Fe/H] GCS = −0.97±0.11 dex. Exactly the same value is obtained from the weighted mean of the individual measurements (see Table 5 ).
Overall, the mean metallicity does not follow the empirical GCS-metallicity -galaxyluminosity relation (see Fig. 5 .7 in Ashman & Zepf 1998) . NGC 3115 DW1 (M V = −17.7 mag) falls in the transition region between dwarfs and elliptical galaxies, whereas the mean metallicity of the GCS falls in the range of metallicities found in giant elliptical galaxies. According to this empirical relation NGC 3115 DW1 appears to be slightly too metal-rich for its luminosity.
Abundance Ratios
We compare the mean abundance ratios of the GCS with abundance ratios of globular clusters in other galaxies. Trager et al. (1998) provide a compilation of abundances of Milky Way and M31 globular clusters. Abundances of NGC 1399 globular clusters were measured by Kissler-Patig et al. (1998b) . Both data sets use the definitions of the Lick/IDS system. In order to minimize the statistical noise of abundance measurements we calculate a mean iron abundance Fe and a mean metal abundance [MgFe] (see González 1993 , for a detailed discussion). (Brodie & Huchra 1990 ). The data show no abundance anomalies.
The two middle panels of Figure 5 could in principal be used to examine the α-element content of these globular clusters. For the stellar light of (mostly brighter) ellipticals Worthey et al. (1992) found an α-element enhancement. The [α/Fe] enhancement is a very sensitive indicator of the star formation rate in a galaxy. As α-elements are preferentially created in SNe type II, their enhancement indicates a violent star formation and/or a top-heavy IMF. A depression, or normal values, of [α/Fe] would result from quiet star formation in which SNe Ia dominate the enrichment processes. Given the relatively high mean metallicity ( [Fe/H] GCS = −0.97 ± 0.11 dex), a normal α-element ratio would suggest that these clusters formed from enriched material either during epochs of quiet star formation, or at the very beginning of a burst. Better data could lead to interesting insights on this topic.
Photometry
Spectroscopic check on photometry
The main result from the photometry of Durrell et al. (1996b) was that the GCS in NGC 3115 DW1 is rich with a specific frequency of S N = 4.9 ± 1.9 and a total globular cluster population N GC = 59 ± 23. Our spectroscopy and the photometric data set of Durrell et al. have 22 objects in common (see Figure 1 and Table 6 ). 6 of these 22 objects have projected radial distances of r ≤ 48 ′′ (R ≤ 2.6 kpc). Durrell et al. consider the GCS to lie within this radius (mainly because the surface over-density of objects disappears beyond it). We can confirm 4 of the 6 objects as bonafide globular clusters (D7, D14, D15, and D46). One object was found to be a background galaxy and another cannot be identified either by radial velocity or by its spectrum.
Assuming that this sample of 6 objects is a statistically representative sample of objects in the projected vicinity of NGC 3115 DW1 the upper limit of the probability of finding a globular cluster within a radius of r ≤ 48 ′′ (R ≤ 2.6 kpc) around the center of NGC 3115 DW1 is f GC = 5/6 ≈ 0.83 (the lower limit is f GC = 4/6 ≈ 0.67; if we exclude the non-identified object). This is in good agreement with the findings of Durrell et al. (1996b) , although the statistical significance is very low. Durrell et al. measure the contaminating surface density of background objects to be σ = 6.4 ± 1.9 arcmin −2 . Within their radial limit of r ≤ 48
′′
there are a total of ∼ 13 background objects. For a total population of N GC = 59±23, the probability of picking a globular cluster within r ≤ 48 ′′ (and at the magnitude limit of the photometry of Durrell et al.) is f GC = 59/(13 + 59) ≈ 0.82. Our spectroscopic results suggest that there is no need to make any correction to the values for specific frequency and total globular cluster population size derived from photometry. Miller et al. (1998) measure specific frequencies for dwarf elliptical galaxies in the Virgo and Fornax cluster and find a log(S N ) − M V relations for the nucleated dwarfs. NGC 3115 DW1 has a higher specific frequency (S N = 4.9 ± 1.9) than the S N ≈ 2.2 derived from Miller's et al. relation for group and cluster dE,N galaxies. Figure 6 shows the CMD of objects with r ≤ 48 ′′ (R ≤ 2.6 kpc) which have been marked by open squares. Objects with photometry by Durrell et al., spectroscopically identified foreground stars, background galaxies, and globular clusters are indicated. We determined the mean color of 5 globular clusters (2 spectroscopically confirmed globular clusters are not included in the photometric sample) in this CMD with Maximum-Likelihood techniques. We obtained (B − V ) GCS = 0.82 ± 0.04 mag with a dispersion of σ(B − V ) GCS = 0.06 ± 0.04 mag. Durrell et al. found (B − V ) = 0.74 ± 0.03 mag, σ(B − V ) = 0.13 mag for the total sample i.e. corresponding to a lower mean metallicity. Our subset seems to be slightly biased towards metal-rich objects.
Comparison of photometrically-and spectroscopically-derived metallicities
In order to constrain the significance of photometrically-derived metallicities we transform the (B − V ) color into a [Fe/H]-metallicity and compare it with the findings of our abundance measurements. For this purpose we use the relation of Couture et al. (1990) 
Globular Cluster Sizes
We matched two spectroscopically-confirmed globular clusters, D15 and D25 (see Figure 1 and Table 6 ), in the HST images taken from the archive (both on WF chips). At the distance of NGC 3115 DW1 the WF chips resolve globular clusters with core radii of r c ∼5 pc. Only 14% of Milky-Way globular clusters show core radii larger that 5 pc (Harris 1999) . However, we can use the HST data to derive upper limits for the globular cluster sizes. Only images taken through the F814W filter were used because of their higher S/N.
The radial source profile I(r) (i.e. the PSF of the final image) is a convolution of the object profile O(r) with the telescope PSF T (r) and an additive noise term R(r) (r being the radial distance from the center of the profile);
To calculate the telescope-PSF profile T (r) we used the TinyTim v4.4 code by Krist & Hook (1997) which gives a semi-analytic estimation of the HST-PSF for each chip, each chip position, and each filter. We adopted a King profile (King 1962) for O(r) which appears to be a good fit to globular-cluster radial profiles in Milky Way (e.g. Trager et al. 1995) and extragalactic systems (Grillmair et al. 1996 Kundu et al. 1999 in M87, and Puzia et al. 1999 in NGC 4472) . From an analysis of Milky Way globular clusters (Harris 1999) we chose c ≡ log(r t /r c ) = 1.5 as a concentration parameter. In equation 2 we neglect the additive noise term since our size-estimation errors are dominated by the convolution of the poorly-defined charge-diffusion matrix with the optical HST-PSF (see Krist & Hook 1997 , for a detailed discussion). Note that the charge-diffusion smears 25% of the infalling light of the central pixel among its neighbors. For consistency with other work we continue to use this convolution throughout our analysis despite the fact that the diffusion correction has been derived only for the F555W filter and is thought to be wavelength dependent.
Five King profiles were generated with core radii in the range r c = 0.1−0.5 pix (R c = 0.5−2.7 pc). In addition, we generated HST-PSFs for both our identified globular clusters using individual specifications (e.g. filter, chip, chip position).
Both HST-PSFs were convolved with all the King profiles. Aperture photometry was applied to all generated profiles and both globular clusters on the HST images. For this purpose we used SExtractor (Bertin & Arnouts 1996) and measured magnitudes in 30 apertures with diameters in the range 1-30 pix. All magnitudes were normalized to the average aperture magnitudes in the range 10-30 pix, i.e. I(r) = I o (r) − I 10−30 pix . Figure  7 shows the profiles of both globular clusters, a raw HST-PSF profile, and two of the convolution profiles with core radii of r c = 0.2 and 0.4 pix.
Both globular cluster profiles deviate significantly from the raw HST-PSF profile which indicates that both D15 and D25 are resolved. The S/N of the F814W image drops to 1 at an aperture diameter of 6 pix. For larger apertures there is insufficient signal to detect any deviations from a raw HST-PSF. For smaller apertures both globular cluster profiles lie between King profiles of core radii 0.2 pix and 0.4 pix. We deduce an upper limit for both globular cluster sizes of r c = 2.1 +0.9 −0.4 pc at an adopted distance of NGC 3115 DW1 of d = 11 (Durrell et al. 1996b ). 27% of Milky-Way globular clusters have core radii larger than 2.1 pc (Harris 1999) and 10% have sizes in the range defined by the errors of the NGC 3115 DW1 clusters.
This upper limit compares well with the results of Kundu & Whitmore (1998) and Kundu et al. (1999) . Using HST photometry, these authors find typical half-light radii 4 of r h = 2.0 ± 0.1 pc and r h ≈ 2.5 pc for globular clusters in NGC 3115 and M87, respectively.
Discussion
In section 3.1.4, we derived a high globular cluster velocity dispersion, and thus a high galaxy mass, when we included the two outermost globular clusters. The high mass is not unexpected given the bright absolute magnitude of NGC 3115 DW1. Based on its M B = −16.8 mag (Durrell et al. 1996b) , NGC 3115 DW1 falls in the transition region between dwarfs and ellipticals in the mass-luminosity relation of Dekel & Silk (1986) (see Fig. 3 therein) . Its high mass (M PME = (4.8 ± 2.3) · 10 10 M ⊙ ) and the high velocity disper-sion (σ = 130 ± 15 km s −1 , see below) are more consistent with an elliptical galaxy. We therefore discuss whether the two outermost clusters could be in the process of being stripped by the nearby giant S0 galaxy NGC 3115.
Possible Stripping?
Figure 1 and Table 6 show that 2 (L1 and L63) of the 7 globular clusters have significantly larger projected radii, i.e. 161.4
′′ (8.6 kpc, L1) and 189.4 ′′ (10.1 kpc, L63), than the "inner" (r ≤ 56.3 ′′ = 3 kpc) globular clusters. These large projected distances from NGC 3115 DW1 could be due to stripping by the nearby S0 galaxy NGC 3115. Figure 8 shows the relative positions of NGC 3115 DW1 and NGC 3115. The projected distance between the two galaxies is 17.3
′ which corresponds to 55 kpc at the distance of d ≈11 Mpc. The mean radial velocities of L1 and L63 are v rad = 420 ± 29 km s −1 and v rad = 605 ± 74 km s −1 , respectively. Only L1 shows a significant deviation from the systemic velocity of NGC 3115 DW1 (v rad = 698 ± 74 km s −1 , Capaccioli et al. 1993) and NGC 3115 (v rad = 663 ± 6 km s −1 , Capaccioli et al. 1993).
We expect no contamination from globular clusters of the nearby galaxy NGC 3115. Kavelaars (1997) found the surface density over-abundance of globular clusters around NGC 3115 (power-law index of radial distribution α = −1.8 ± 0.5) disappearing at 6 ′ radius from the center of NGC 3115 (at a photometric limit of V = 23.5 mag). The globular clusters L1 and L63 have a radial distance to NGC 3115 of ≈ 14 ′ . The projected GC surface density of the GCS of NGC 3115 at the position of these two clusters is < 0.01 arcmin −2 . The extrapolated GC surface density of NGC 3115 DW1 at this position lies between 0.2 and 6.9 GCs arcmin −2 , given the large uncertainties on the density profile. As the numbers are too small (we only found 2 clusters to the north and 0 to the south) it cannot statistically be concluded whether the two globular clusters found in the northern field are chance detections or a statistically significant overabundance.
Assuming that both galaxies are roughly at the same distance, we can estimate the dwarf galaxy's gravitational potential and the ratio of potentials of NGC 3115 DW1 and NGC 3115. Both globular clusters are at about 1/5 of the distance separating NGC 3115 DW1 and NGC 3115. As a rough estimate, we assume that NGC 3115 DW1 and NGC 3115 have similar M/L V . In this case, the ratio of their M V 's would imply that NGC 3115 has a mass 10 times larger than NGC 3115 DW1. Hence, the gravitational potentials are comparable at the projected position of the distant globular clusters (L1 and L63). Since the mass of NGC 3115 is likely to be higher than the adopted value (assuming an extended dark matter halo) the motion of both globular clusters is no longer dominated by the gravitational potential of NGC 3115 DW1 alone. Both clusters could then be considered as intergalactic globular clusters.
Note that stripping of globular clusters appears to be common among interacting galaxies. Da Costa & Armandroff (1995) show that four globular clusters of the Sagittarius dSph are in the process of being stripped by the Milky Way and are being added to its globular cluster system. Other studies have indicated that stripping may be important in galaxy clusters (e.g. in the Fornax cluster Kissler-Patig et al. 1999 , Hilker et al. 1999 . However, there are no other (optical) hints of interaction from NGC 3115 DW1's stellar light. Durrell et al. (1996b) found the isophotes to be consistent with little or no tidal disruption out to a projected radius of 60 ′′ (corresponding to 3.2 kpc) where their photometric errors start to dominate.
A simple test for the stripping hypothesis would be a wide-field study of the system in order to rule out (spectroscopically) the presence of any similar clusters around NGC 3115 DW1.
The Expected Velocity Dispersion
A look at the fundamental plane of dwarf elliptical galaxies (e.g. Peterson & Caldwell 1993) shows that NGC 3115 DW1 fits reasonably well into the relation for dwarf and giant elliptical galaxies, under their assumption of M V = −16.7 mag. Adopting the absolute magnitude of M V = −17.7 mag (Durrell et al. 1996a ) the galaxy falls slightly off the relation and would imply a higher velocity dispersion than measured in the central 3 ′′ . With the measured velocity dispersion of σ = 74 ± 36 km s −1 for the 5 globular clusters inside r < 56.3 ′′ (R < 3 kpc) we obtain from the fundamental-plane relation of Peterson & Caldwell (1993) an absolute magnitude of M V = −18.0 ± 0.5 mag. The measured velocity dispersion for the total sample of 7 clusters inside r < 189.4 ′′ (R < 10.1 kpc) of σ = 130 ± 15 km s −1 , would correspond to far brighter absolute magnitude (M V = −19.5 ± 0.5 mag) than the measured M V = −17.7 mag. This discrepancy can be explained by a close encounter and subsequent stripping of the dwarf galaxy's halo by the nearby S0 galaxy NGC 3115. Stripping of outer halo regions might well have introduced violent perturbations and led to an enhanced velocity dispersion of the halo region (which is traced by the globular clusters). The relaxation time of such a system far exceeds the Hubble time (Binney & Tremaine 1994 ) and therefore it is not possible to reject this scenario just from considerations of dynamical timescales.
Alternatively, a high velocity dispersion in the outskirts of a galaxy could be due to a dark-matter dominated massive halo. The outer parts of a number of lower-luminosity Local Group galaxies are known to be dominated by dark matter (e.g. Mateo 1998 ). This picture could explain the fact that we measure an uncommonly high mass for a dwarf elliptical (see sec. 3.1.2) at a projected radius of 189.4 ′′ (10.1 kpc).
We cannot discriminate between the above possibilities at this point.
Summary
Using LRIS multi-slit spectra we confirm, on the basis of their radial velocities, 7 of the 46 objects in our spectroscopic sample as bona-fide globular clusters associated with the bright (M V = −17.7 mag) dE1,N galaxy, NGC 3115 DW1.
We verify the findings of Durrell et al. (1996b) (within a projected radius of r ≤ 48 ′′ corresponding to R ≤ 2.6 kpc) who derived the specific frequency S N = 4.9 ± 1.9 and a total globular cluster population size N GC = 59 ± 23. The spectroscopic verification of foreground and background contamination indicates that no revision of these results is necessary. NGC 3115 DW1 remains a dE,N galaxy with a somewhat high S N value.
A mass estimate using the Projected Mass Estimator (PME) for isotropic globular cluster orbits yields a total galaxy mass of M gal = (4.8 ± 2.3) · 10 10 M ⊙ (with the error being the internal uncertainty of the mass estimation code) inside a radius r ≤ 189.4 ′′ (R ≤ 10.1 kpc) and M gal = (1.8 ± 1.0) · 10 10 M ⊙ inside r ≤ 56.3 ′′ (R ≤ 3.0 kpc). This estimate is a lower mass limit (see 3.1.2) and assumes that the outer globular clusters are not influenced by the nearby giant S0 NGC 3115. Using two mass estimators (i.e. PME and VME, see Sect. 3.1.2) and various assumptions for the systemic velocity and the cluster orbits, we derive masses between 2 · 10 10 M ⊙ and 4 · 10 11 M ⊙ . The mass increases with radius (see Table 3 ). Inside R< 160 pc the mass-to-light ratio was found to be M/L V = 3 ± 2 (Peterson & Caldwell 1993) and increases with radius, leading to M/L V = 52 ± 25 at ∼ 10 kpc (using the PME and assuming isotropic orbits), compatible with dark matter dominated outer regions. However, we cannot at present exclude the possibility that the high velocity dispersion is due to stripping of the two outer clusters by the nearby giant companion.
A kinematic analysis shows that the globular cluster system has a marginal net rotation of v rot = 75 ± 70 km s −1 with a position angle of the rotation axis θ = 90 o ± 60 o . Subtracting the net rotation we find a line-of-sight velocity dispersion of the globular cluster system of σ = 130 ± 15 km s −1 for the total sample of 7 globular clusters and σ = 74 ± 36 km s −1 for the inner 5 clusters (see Sect. 3.1.4).
We measure mean abundances (using Lick/IDS passband definitions) from a combined mean spectrum of all 7 globular clusters and derive a mean GCS metallicity of [Fe/H] GCS = −0.97 ± 0.11 dex. All abundance ratios appear similar to the ones measured in Milky Way, M31 and NGC 1399 globular clusters.
The mean color of the spectroscopically confirmed globular clusters is (B − V ) GCS = 0.82 ± 0.04 mag with a dispersion σ(B − V ) GCS = 0.06 ± 0.04 mag.
Applying the color-metallicity calibration of Couture et al. (1990) we obtain a photometric mean metallicity [Fe/H] GCS = −0.93 ± 0.11 dex with a dispersion of σ([Fe/H]) GCS = 0.41 ± 0.20 dex (the error being the photometric uncertainty).
For two globular clusters (L1 and L63) with HST photometry we derive upper limits for their core radii. These were found to be r c = 2.1
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b Standard uncertainty of the mass estimate due to the limited sample size as numerically determined in Bootstrap tests.
c Systematic uncertainty due to potential distance error.
Note.-Lower mass estimate for NGC 3115 DW1 out to a radius of r ≤ 189.4
′′ or R ≤ 10.1 kpc. All masses are given in units of 10 10 M⊙. Different orbit characteristics of the globular clusters were adopted for the mass estimate using the Projected Mass Estimator (PME): PMEi adopts isotropic orbits, PMEr adopts radial orbits, PMEm assumes mixed while PMEt adopts tangential globular-cluster orbits (for details see Bahcall & Tremaine 1981) . a Mass estimate for the i-th projected radial distance evaluated with PME for isotropic globular-cluster orbits. The masses are given in units of 10 10 M⊙.
b Internal uncertainty of the mass-estimation code.
c Standard uncertainty from Bootstrap tests.
d Number of globular clusters included in the data sample which was used to estimate the mass at the i-th radius. Brodie & Huchra (1990) . The line strengths are given in mag. With the metallicity calibrations of Brodie & Huchra we derive for the i-th absorption line an individual metallicity [Fe/H]i. According to the statistical significance of each individual metallicity indicator its weighting wi is given. The weighted mean metallicity of each globular cluster and of the entire GCS (indicated as ) is given at the bottom line. Lines which were found to be very poor or redundant metallicity indicators (Brodie & Huchra 1990) have no weighting assigned and are excluded from the averaging process. The errors include both Poisson flux uncertainties and metallicitycalibration errors. Note.-The spectroscopical mean metallicity was obtained from the mean spectrum of 7 globular clusters. Exactly the same values can be calculated by weighted averaging of individual globular cluster metallicities. The photometric mean metallicity is a weighted mean of the above values. The error of [Fe/H] phot includes only the photometric uncertainty of the (B − V ) color. It does not include the error of the color-metallicity calibration (c.f. equation 1). Table 6 Spectroscopic and photometric data of all spectroscopically studied objects Fig. 1.- The alignment of the field-of-views (FOV) of photometry data and all spectroscopically analyzed objects around NGC 3115 DW1 is shown. Dots mark spectroscopically studied objects (this paper). Open squares are objects which were detected in a HST image (this paper) while open circles are objects for which photometry was obtained by Durrell et al. (1996b) . Bold circles mark spectroscopically confirmed globular clusters. The dot-dashed rectangle shows the FOV of the Durrell et al. (1996b) photometry while the dotdashed L-shaped FOV belongs to the HST photometry. A large solid circle indicates the location of r = 48 ′′ radius at which the object overdensity drops to background value (Durrell et al. 1996b ). The distance from the center of NGC 3115 DW1 to NGC 3115 is 17.3 ′ (55 kpc). The direction is indicated by the arrow in the upper right corner. North is up, east is left. have been plotted. The radial-velocity range in which globular clusters are expected is indicated (object D41 with v rad = 308 ± 45 km s −1 deviates by more than four times the velocity dispersion of the globular cluster system from the mean system velocity of NGC 3115 DW1; it was therefore dropped). The solid line is an Epanechnikov-kernel density estimation with a kernel width of 100 km s −1 (for details see Silverman 1986 ). Its 1-σ uncertainty is mark by the dashed lines. Fig. 3 .-Lower mass limit estimations with two different mass estimators: PME (Projected Mass Estimator, allowing different orbit characteristics of the GCS: rad -radial, mix -mixed, iso -isotropic, and tantangential orbits, see Heisler et al. 1985 for details) and VME (Virial Mass Estimator). The measured mean radial velocity of the globular cluster system is v rad = 572 ± 30 km s −1 while the median radial velocity was determined with v rad = 605 ± 30 km s −1 . The curves show the variation of the galaxy-mass estimate as a function of the mean system velocity. Spectroscopy of the galaxy (NGC 3115 DW1) itself gives radial velocities of 715 ± 62 km s −1 (de Vaucouleurs et al. 1991) , 716 ± 19 km s −1 (Peterson & Caldwell 1993) , and 698 ± 42 km s −1 (Capaccioli et al. 1993) . The errors of each mass estimator are given in Table 2. 20 Trager et al. 1998 ), and NGC 1399 (open diamonds, Kissler-Patig et al. 1998b . The abundances of the GCS in NGC 3115 DW1 were derived from a combined mean spectrum of 7 globular clusters. Durrell et al. (1996b) . Open squares mark objects with r ≤ 48 ′′ (R ≤ 2.6 kpc) projected distance to the galaxy center. Open stars are spectroscopically verified foreground stars, ⊖ mark background galaxies, and ⊕ are bona-fide globular clusters. There are only 5 spectroscopically confirmed globular clusters with B, V photometry. Two globular clusters (L1 and L63) are not covered by the field-of-view of the Durrell et al. photometry (see Fig. 1 ). The dotted line indicates the photometric 50%-completeness limit in V. 
